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(54) Calibration method for a chromatography column 

(57) A chromatography system and method 
employing a empirical method for determining the ratio 



L 



for a chromatography column with improved accuracy 
by establishing experimental conditions for al least one 
of the parameters of temperature, pressure and flow 
and measuring the other parameters and calculating the 
ratio 



L 



using the Poiseville equation for a chromatography col- 
umn. 



INSTALL COLUMN TO BE CALIBRATED 
INTO CALIBRATING SYSTEM. 



ESTABISH A FIRST COLUMN FLOW RATE 
Q1 AT A RR3T COLUMN TEMPERATURE T C1 
AND RECORD COLUMN HEAD PRESSURE PI. 



ESTABLISH A SECOND COLUMN TEMPERATURE T2 
AND A COLUMN HEAD PRESSURE LESS THAN 
PI, THEN RECORD FLOW RATE Q2 AND 
COLUMN HEAD PRESSURE P2. 



AT THE SAME COLUMN TEMPERATURE TZ ESTABLISH 
A COLUMN HEAD PRESSURE GREATER THAN PI. 
THEN RECORD FLOW RATE Q3 AND COLUMN 
HEAD PRESSURE P3. 
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FOR TEMPERATURE T2, USING 02. P2 AND 
OS. P3. INTERPOLATE AND FIND FLOW RATE 
04 AT PRESSURE PI. FIND AO- G4-Q1. 



CALCULATE RATIO 6± USING EQUATION 
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INSTALL RATIO ^- INTO COLUMN FLOW EQUATION 

AND USE SAID COLUMN FLOW EQUATION TO COMP UTE 
COLUMN INLET PRESSURE PROFILE FOR SELECTED 
TEMPERATURE PROFILE AT SELECTED COLUMN FLOW 
RATE OF A CHROMATOGRAPHY SYSTEM. 



CARRY OUT CHROMATOGRAPHY RUNS BY INJECTING SAMPLE AND, 
REPEATEDLY AT: HortTIME INTERVALS. PROVIDING COLUMN INLET 
SET POJNT PRESSURE FROM COMPUTED PROFILE TO CLOSED LOOP 
PRESSURE CONTROLLER. 
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RECORD TIME FROM START AT WHICH EACH OF THE SEPERATED 
PORTIONS OF THE SAMPLE EXIT FROM THE COLUMN AS A 
RETENTION PROFILE. 
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Description 

Field of the Invention 



The present invention relates to chromatography and more particularly to a method of accurately determining char- 
acterizing parameters for chromatography columns and for improving chromatography repeatability. 

Background of the Invention 

Chromatography is a method for separating chemical mixtures into their components. 

In chromatographic analysis an unknown mixture of chemicals is caused to flow into contact with a retentive media 
The various portions of the mixture are detained by the media by differing amounts of time so that separations of the 
mixture are enabled. In the branch of chromatography known as gas chromatography, typically a supply of an inert gas 
called a carrier gas is continuously flowed through a device called a chromatography column. In analytical chromatog- 
raphy the most common form of column is a very long hollow capillary tube. The interior walls of the capillary tube pro- 
vide the retentive surface which interaction provides separation of the chemical components. Generally the interior tube 
walls are chem.cally treated to enhance the separation. The term chromatographic column also includes tubes having 
packed particles prov.dmg a porous medium to detain the portions of a mixture. The primary separation mechanism in 
these columns is derived from the interactions between the surface of the particles and the flowing mixture Typically 
the mixture to be analyzed is loaded in liquid form into an injector where it is rapidly heated into the vapor state The 
injector also provides a continuous flow of carrier gas into the column and when the sample unknown is vaporized it is 
introduced into the head of the column by the injector as a slug of gas. The slug is forced through the column by the 
pressure of the carrier gas and as the gases travel down the column, the components of the unknown sample separate 
into bands of like materials which like materials progress down the column at a common rate. Accordingly at the output 
of the column, the various components leave the column in small bands separated in time. The time which the compo- 
nents travel through the column is a characteristic of the particular column, the column temperature the carrier gas flow 
rate and the chemical of the component. Accordingly, a column can be calibrated so that the retention time of a chem- 
ical in the column is an unambiguous, qualitative identification of the chemical. Quantitative analysis of a sample is also 
enabled by determining the volumes of sample of the various bands and by integrating the signal of the detector at the 
30 exit of a column for each portion of the mixture. 

It is known to increase the column temperature or other parameters, such as carrier gas flow rate, during a chro- 
matography run primarily to shorten the time to perform the separation or to improve the resolution of the separation 
However, the effects of varying a parameter introduces many complexities. For example, it is known in the prior art to 
perform temperature programming, i.e. to vary the temperature during a run and to employ computed changes in vis- 
cosity as a function of temperature to control either the column input pressure or the column mass flow rate However 
the equations which relate temperature, flow and pressure, also require an input of data about the column For a capil- 
lary column, for example, to calculate the mass flow rate in a column as a function of the input pressure requires exact 
knowledge of the internal diameter and length of the column. Although the approximate length and internal diameter 
are usually easily determined, it is much more difficult to determine the exact dimensions. Use of incorrect values for 
these parameters leads to significant errors in the calculated flow rates. The manufacturer of a column usually provides 
approximate dimension parameters, but these are modified by the installation and use. 

The most common prior art technique for calibrating a column involves performing a chromatography run using a 
reference chemical which is different from the carrier gas but which also has no chemical interaction with the column 
and measuring the retention time of the reference gas. From known formulas, the length and internal column diameter 
can then be calculated. However, this technique involves injection processes subject to mechanical and human error 
In addition, it is not readily known which chemicals have no reaction with a particular capillary column Furthermore 
these prior calibration processes are very time consuming and difficult to repeat exactly. Another source of error arises 
in the calculations because it is frequently assumed that the outlet pressure of the column is at atmospheric pressure 
In fact, it is generally necessary to determine the exact pressure drop between the end of the column and the atmos- 
phere because apparatus and fittings can cause significant back pressure which significantly effects the calibration. 

Summary of the Invpntinn 



i 55 



It is an object of the invention to provide a method to improve the accuracy of flow control in a chromatography sys- 
tem by improving the accuracy of calibration of the ratio of diameter/length of the chromatography column It is a further 
object to provide alternative methods to determine the 
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ratio of chromatography columns. 

It is still a further object to provide improved chromatography control systems employing column parameter ratio 
calibration measurements which compensate for inaccuracies in column temperature measurements. 

The invention is defined in claims 1 , 4, 6 and 7, respectively. Particular embodiments of the invention are set out tn 
io the dependent claims. 

Brief Description of the Drawings 

Fig. 1 is a schematic of the equipment configuration for column calibration. 
75 Fig. 2 is a schematic of the preferred flow diagram of the preferred calibration method. 

Fig. 3 is a schematic of the computerized flow controller employing the calibrated value of 

L 

20 

ratio in the pressure control computer. 

Fig. 4 is a block diagram of the preferred chromatography control system. 

25 Detailed Description of the Invention 

To determine the ratio 



L 



of a column with the accuracy required for fine flow control, with reference to Fig. 1 , the column 6 is installed in a tem- 
perature controlled oven 5. The equipment necessary for determining the ratio further includes an electronic flow con- 
35 trailer 1 under digital control from an operator input/output device 1 0 such as a key board. The electronic flow controller 
1 is connected/to receive the carrier gas from a pressure source. For best calibration, the carrier gas should be the 
same as the carrier gas which is to be used in the tests with the chromatography column even though the calibration 
ratio 

40 

L 



45 



50 



should be the same for different carrier gases. The flow controller 1 is connected via flow line 13 to an injector 2 The 
injector is preferably the same type, and even more preferably, the identical injector with which the column is to be used. 
Injectors are well known devices which are designed to receive a liquid sample to be analyzed which enable vaporiza- 
tion of the liquid sample and which ideally enable a slug of the vaporized sample to be introduced into the head of the 
column by the carrier gases and for the vaporized sample to be moved through the column by the flow of the carrier 
gas The details of the injector are not a part of this invention but it is essential to appreciate that the injector employs 
a sample inlet port 17, comprising a septum (not shown) through which a syringe needle can be passed to deposit the 
liquid sample where it is vaporized. Typically an injector 14 directs a portion of its inlet gas 13 into a septum purge vent 
16 It is generally preferred to purge and vent the gases which leak from the septum material because those gases 
would mask and/or interfere with the separation of the gases of the unknown sample. Inlet systems such as injectors 
are described in Chapter 4 of the well known text book entitled Gas Chromatography with Glass Capillary Columns by 
55 Walter Jennings Acad. Press. Inc.. 1980; said Chapter 4 being hereby incorporated by reference. A pressure detector 
3 is coupled to the purge outlet vent 16 or, alternatively, to the inlet 13. By reason of the design of the injector 14, the 
pressure at the inlet 13 and outlets 16 and 18 are equal. Accordingly, pressure measured at the pressure detector 3 is 
equal to the pressure at the inlet to the column 6 except for a pressure drop in the tubing 19. Alternatively, the column 
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6 can be connected directedly to the injector 14 or if tubing 1 9 is employed it has a large diameter and is very short so 
that any pressure drop therein is negligible for the purposes of this application. Preferrably the electronic flow controller 
1 which is employed is pre-calibrated so that the output 41 of pressure meter 72, Fig. 3, is a measure of the flow from 
valve 70. Accordingly, valve 70 controls the flow from the supply 50 and valve 79 controls the head pressure at 
13/15/51. Alternatively, a flow detector 8 can be used to measure the actual gas flow rate in the column 6 because all 
gas in the column flows through flow detector 8 and then to vent line 20. 

There is a well known formula called the Poiseuille equation relating the gas flow rate in a column to a number of 
parameters. This equation is: 



T s ( p i) 2 -(Po) 2 1 
256 L P * T c pr jj^ [1] 



where 



Q = column mass flow rate 

u tc = 9 as viscosity at column temperature 

Tc = column temperature (Kelvin) 

Ts = standard temperature (Kelvin) 

20 ps = density of gas at standard temperature and pressure 

d = column internal diameter 

L = column length 

Pi = inlet pressure (PSIA) 

Po = outlet pressure (PSIA) 

25 Ps = standard ambient pressure(PSIA) 

n =3.141592654 



Accordingly, it is possible to determine the ratio 



L 



35 



40 



45 



50 



55 



experimentally by creating appropriate experimental conditions for the column and by recording data regarding column 
flow rate and column inlet pressure and by performing appropriate calculations. There are several alternative proce- 
dures which can be established which theoretically enable the solution of 



L 



However, due to the fact that as the injector inlet pressure changes, small injector leaks change, the calibration tech- 
nique which is based on a constant column inlet pressure as depicted hereinafter is the preferred method. 

More specifically, if one creates two sets of conditions at two different temperatures but retains the column inlet 
pressure Pi and outlet pressure Po the same for both sets, the equation [1] can be solved as two simultaneous equa- 
tions at two different temperatures. This procedure will result in two flow rates Q1 and Q2 which can be determined 
experimentally. Using the differences between the two flows, the ratio 



L 



can be determined by solving the equation: 



dl 256 d O T d p s U T d T c2 U Tr . P 

L ^np s )(T s )l(P,) Z -(P 0 ) Z )][(T cS )(U Tc2 )-(T c1 )(U Tc1 )} 121 
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The derivation of equation [2] is depicted below. 

ni T s (P,.) 2 -(P 0 ) 2 1 

° 7 = 256l P£ T CI P s U Tcl 



[3] 



if 

'2-256 L Ws T c2 P s U Tc2 

10 



Op = ^ T Pf " " ~ 1 J 



/e/ dO=change in flow rate between temperature 1 and temperature 2 for constant input pres sure therefore: [5] 

02 = Q1 -dQ f 6 l 
75 then substitute [6] into [4], then [3] into [4] and solve for 



d*_ 
L 

20 



<f_ 256 dO T c1 P s U Tc1 T c2 U Tc2 m 

Referring to Fig. 2, the preferred constant pressure method of calibration is set forth. First, in step 21 , the column 
30 to be calibrated is installed into the oven of the calibrating system. Next, in step 22, establish a first injector flow rate Q1 
at a first column temperature TC1 and record the column head pressure P1 when the temperature TC1 is stable. 

Next, change the temperature in the oven to a second temperature TC2 for step 23, and establish a column head 
pressure P2 where P2<P1 and store/record flow rate Q2. 

At the same temperature TC2, in step 24, establish a column head pressure P3, where P3>P1, and store/record 

25 flow rate Q3. 

Interpolate linearly using Q2, P2 as one set of points and Q3, P3 as a second set of points, and find Q4 at pressure 
P1. Now find AQ=Q4-Q1 
Next calculate 



AO 



L 



using the data obtained here and substitute in equation [2]. 
45 Finally, install automatically or manually, the value of the ratio 

L 



so 



determined by equation [2] into the memory of computer 80 (Fig.3 and Fig. 4) for use in computing the pressure set 
point for the head of the column to achieve the column mass flow rate selected by the operator via the I/O control 46. 
The installation step could be manual through the operator control 46 or automatically via a calibration program carried 
out by the computer 80. 

55 If the flow controller 1 is a very high gain controller with a fine resolution, it would be possible to simplify this proce- 

dure by simply skipping the interpolation step 24 of Fig. 2 and establishing AQ = Q 2 - Q , and then, without any other 
changes, carrying out the remainder of the method of Fig. 2. 

There are several alternatives to the preferred method of Fig. 2 for determination of . 
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io 



15 



L 



ratio. For example, data can be obtained from n multipoints at different temperatures, recording both flow rate and cor- 
responding pressure and calculating 



L 



for each set of points (Qn, Pn) for each temperature and averaging 



L 



for all the various temperatures. Another alternative is at each temperature, to obtain n data points by maintaining the 
20 flow constant Qn and recording the corresponding Pn and calculating 



25 



30 



with the equations and averaging 



L 



L 



However, each of these non-preferred methods have the disadvantage that different column inlet pressures induce 
changes both in the septum flow rate in the injector and changes in the injector leaks, which changes and leaks must 
35 be compensated or they will introduce error in the results. 

The method of this invention for experimentally determining the ratio 



40 l 

is both more accurate and much faster than the prior art procedure of performing hold-up time measurements with non- 
reta.ned chemicals. An additional advantage is that method of this invention can be fully automated, which will eliminate 
human error and permit re-calibration at set intervals. 
45 A further advantage of this technique is that if the column calibration is carried out using the same chromatography 
system which it is to be later used with the column that the process will automatically compensate for error between 
requested and established column oven temperatures during calibration. Since the calibration is performed using the 
temperatures measured and established by the chromatography system, any inaccuracy between actual column tem- 
perature and the column temperature reading will cause a corresponding change in the constant 

50 



55 Accordingly, subsequent use of the 
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.5 



ratio will tend to be correct for the temperature employed. Similarly, again assuming that the using system is the same 
as the calibration system, the value of 

10 L 



will also include a compensation for an error based on any back pressure differential between the column output and 
atmospheric pressure due to the presence of detectors and other devices restricting the output flow. 

15 With respect to Fig.3, a schematic of a typical computerized chromatography system is shown which system can 
he employed both for calibration of a column and to employ the column in many types of chromatography experiments. 
In operation, carrier gas enters the system 50 at relatively high pressure such as 40-100 psig at inlet 50 and then 
passes through a proportional control valve 70 and flow restrictor 73. As gas flows through the restrictor 73, it generates 
a pressure drop which is detected by sensor 72. An electronic control circuit 71 forms a closed loop controller by adjust- 

20 ing the drive voltage 40 to valve 70 in response to signal 41. The Central Processing Unit 80 provides control signal 
adjustment in response to a user's request 46 for a specified flow rate. The CPU 80 also continuously receives the col- 
umn temperature information on bus 81 and accordingly, by using the known temperature 7 and pressure 42, the CPU 
is able to compute a temperature correction signal and pressure set point which is sent to the pressure controller 78. 
The pressure controller 78 adjusts the vent 79 to control the head pressure 51 . Electronic flow controller 71 is corrected 

25 for maintaining desired mass flow rate by the computer 80. The calibration data for this compensation which relates 
pressure 51 and pressure signal 41 is stored in the memory of computer 80. 

Fig. 3 illustrates an injector 74 having a split mode and a splitless mode of operation. In the split mode, the three 
way diverting valve 76 is switched responsive to CPU control 44 so that gas can pass through the filter 77 and vent via 
proportional control valve 79. A pressure signal 42 is generated by pressure transducer 65 and represents the column 

30 head inlet pressure 51. Pressure controller 78 is responsive to pressure sensor 65, and to the CPU 80. The CPU per- 
forms the column flow equation computations to provide the pressure set point on bus 82 to the pressure controller 78. 
The pressure controller sends the control signal 43 to the proportional valve 79 and thereby controls the pressure at the 
column head and thereby the flow through the column 6. In the splitless mode, the valve 76 is de-energized and the line 
52 is directly connected to the proportional controller. Control of the injector pressure is still carried out in the same way 

35 by the pressure control computer 78. The split flow injector is used to split off a small portion of a sample for insertion 
of only a small slug of unknown sample for sweeping into the column by the carrier gas. Generally, after injection, the 
splitter is de-energized and the injector flow rate is reduced to save carrier gas. 

With reference to Fig. 4, the general block diagram of the preferred chromatography system is further explained. 
The CPU 80 is programmed and set up to solve the Poiseville equation [1] responsive to the User Entered Data 46, the 

40 viscosity equation 95 for the given gas and the 

L 

45 

parameter 94. Based on the above data, the CPU calculates and stores a pressure set profile in memory 100 and a 
temperature set profile in memory 101 for the run. As a function of time, the appropriate set points 97 and 98 for pres- 
sure and temperature respectively are output from the CPU to their respective pressure and temperature controllers 93 
and 92. The controllers employ electronic feedback controls to establish the requested set points and also feedback the 
so actual measured values of actual column inlet pressure 36 and actual oven measured temperature 92 to the CPU. 

It is understood that the column flow rate could also be established by selecting viscosity data from a table for spe- 
cific gases and temperatures and performing the set point column head pressure on the fly. Either approach requires 
an accurately calibrated 

55 d A 

T 
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ratio In order to achieve repeatable results based on Poiseville equation computations. 

!t is not the intent to limit the scope of the invention to the preferred embodiment, but rather the scope of the inven- 
tion should be construed in view of the claims. 

5 Claims 

1. A method for performing chromatography, said method comprising: 



10 



20 



30 



35 



40 



45 



(a) installing a chromatography column to be calibrated into a computer controlled chromatography system, 
said computer controlled chromatography system including an injector and memory and temperature controller 
and flow controller means to establish and maintain both selected column temperature and selected fluid flow 
rate in said column and further including a pressure detector for providing a reading of the pressure at the head 
of said column, and a flow controller meter for providing said injector with fluid flow rate adjustments; 



15 (b) determining the ratio 



L 



of said column, said step of determining the ratio including 



(i) establishing a first stable temperature TC1 in said column, and establishing a first column head pres- 
sure P1 and recording the first column flow Q1 ; 
25 (") carrying out said step (i) n times; 

(iii) computing an average 



L 



for said column at said rust temperature TC1 by solving for 



L 



using the column flow equation and inserting said values P1 , Q1 and Pn, Qn into said equation as follows 

4u= — 01 



256 p * T c1 JT 



and 



r£ °n 



f / I n n o 

« L 71 T fi [(P n ) 2 -(P 0 ) 2 ] 1 



Pst d Tt — 

" C7 ' G 



where n is a positive, real integer greater than zero, 
55 (iv) determining the average 
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(c) installing said 




into said memory of said computer controlled chromatography system where 



15 


Q 


- column mass flow rate 




UTC 


= gas viscosity at specified column temperature 




Tc 


= column temperature (Kelvin) 




Ts 


= standard temperature (Kelvin) 




ps 


= density of carrier gas at standard temperature and pressure 


20 


d 


= column internal diameter 




L 


= column length 




Pi 


= inlet pressure (PSIA) 




Po 


= outlet pressure (PSIA) 




Ps 


= standard ambient pressure(PSIA) 


25 


71 


= 3.141592654 




Tc1 


= column temperature in step i 




P1 


as column inlet head pressure in step i 




Tc2 


= second column temperature 




P2&Pn 


= column inlet head pressure in steps (ii) and (iii) respectively; and 



30 

(d) carrying out chromatography runs by injected sample into said column and employing said calibrated 

(^) 

35 

in providing column inlet set point pressures. 
2. The method of claim 1 including the steps of 

40 

(e) 

(i) establishing a second temperature Tc2 in said column, and establishing at said second temperature a 
first column head pressure P1 Tc2 and recording said first column flow rate at said second temperature 

45 Q1 Tc2 ; and then 

(ii) establishing at said second temperature Tc2, j sets of column head pressure values Pj TC2 and record- 
ing corresponding column flow rates Q'\j C 2', ap d 

(f) calculating the average ratio for said second temperature Tc2 by inserting the sets of data for pressure and 
50 flow form steps e(i) and e(ii), where Pjk and Qjk are the jth points in the set of data at the kth temperature field 

~ 1 

d 4 n ' X n 

55 256 P *T c/( P s U Tck 

where 



9 
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k 



= set number 

= temperature field number, and 



(g) obtaining multitemperature point average ratio by calculating 




L ' Tck 



where k is a positive real integer greater than zero. 

3. The method of claim 2 where k>l . 

4. A method for performing chromatography, said method comprising: 

installing a chromatography column to be calibrated into a computer controlled chromatography system, said 
computer controlled chromatography system including means to establish and maintain both selected column 
temperatures and fluid flow rates in said column and further including, a pressure detector for providing a read- 
ing of the pressure at the head of said column and a flow rate meter for providing column fluid flow rate meas- 
urements; 

experimentally determining the ratio 



of said column, said step of determining the ratio including the steps of 

(a) establishing a first stable temperature TC1 in said column and a first flow rate Q1 in said column and 
storing the corresponding pressure PI at the head of said column; 

(b) establishing a second stable temperature TC2 in said column and a second column head pressure P2, 
where P2>P1 and storing the corresponding second column flow rate Q2 in said column; 

(c) establishing at said second stable temperature TC2 in said column a third column head pressure P3, 
where P3<P1 and storing the third column flow rate Q3 in said column; 

(d) using said points Q2, P2 and Q3, P3 determined from steps (b) and (c) respectively, linearly interpolate 
to determine a column flow rate Q4 at head pressure P1 for said column temperature TC2- 

(e) determine AQ =Q4-Q1 and calculate the ratio 



L 



L 



using the equation 



256 AQT CJ P s U Tc1 T c2 U 



L 



where 



Q 

UTC 
Tc 
Ts 
ps 



= column mass flow rate 

= gas viscosity at specified column temperature 

= column temperatures (Kelvin) 

= standard temperature (Kelvin) 

= density of carrier gas at standard temperature and pressure 
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d = column internal diameter 

L = column length 

Pi = inlet pressure (PSIA) 

Po = outlet pressure (PSIA) 
5 Ps standard ambient pressure (PSIA) 

7i =3.141592654 

Tc1 = column temperature in step a 

P1 = column inlet head pressure in step a 

Tc2 = column temperature in steps (b) and (c) 

10 P2&P3 = column inlet head pressure in steps (b) and (c) respectively 

(f) installing said 
15 L 



ratio into said computer controlled system; and 

(g) carrying out chromatography runs by injecting samples and by setting set point pressures calculated 
20 using said 

L 

25 

ratio determined in step (e) above. 

5. The method of claim 1 for controlling the column fluid flow rates in a calibrated, chromatography column, compris- 
ing: 

30 

(a) causing a digital computer to solve the flow equation 



n n d* ^ (P,) 2 -(P 0 ) 2 1 

(b) causing said digital computer to compute a pressure set-point profile to control said column inlet pressure 
Pi according to the solution of said flow equation of step (a) to maintain said mass flow rate Q constant irre- 
spective of changes in column temperature Tc; 

(c) causing said digital computer to provide to an electronic pressure servo controller repeatedly, at short inter- 
vals, new pressure set-points, said electronic pressure servo controller establishing and maintaining said pres- 
sure set-points in response to said digital computer. 

6. A method for performing chromatography, said method comprising: 

installing said chromatography column to be calibrated into a computer controlled chromatography system, 
including means to establish and maintain both selected column temperature and fluid flow rate in said column 
and further including a pressure detector for providing a reading of the pressure at the head of said column and 
a means for providing column fluid flow rate measurements; experimentally determining the ratio 

L 



of said column, said step of experimentally determining said 



BNSDOCID: <EP __0B40i 16A1_I_ > 



11 



EP 0 840 116 A1 

L 

ratio including the steps of: 

alS^Zl T° nd ! t3b,e ,IOW 02 in Said COlumn at a second temperature Tc2 in said column said 
2? ♦ *r t ? dmQ Sa ' d corres P° ndin 9 Pressure P2 at the head of said column- 

c) establ.sh a third stable flow Q3 in safci column, at said second temperature Tc2 said Q3<Qi and 
ecord.ngsa.d second corresponding pressure P3 at the head of said column ' d 

d) usmg said points Q2. P2 and Q3, P3 determined from steps (b) and (c) respectively linearly interpolate 
to determ,ne a column f.ow rate Q4 at head pressure P1 for said column temperature P 

(e) determ.ne AQ=Q4-Q1 and calculate the ratio 

L 

using the equation 

d 4 _ 2 ttA°T c1 P s U Tc1 T r! U Tc2 
L ^s)iTMP,) Z <P 0 ) 2 )][(T c2 ) { U Tc3 ). { T c1 )(U Tc1 )] 

where 

Q = column mass flow rate 

U TC = gas viscosity at specified column temperature 

Tc = column temperature (Kelvin) 

Ts = standard temperature (Kelvin) 

Ps = Density of carrier gas at standard temperature and pressure 

a = column internal diameter 

L = column length 

Pi = inlet pressure (PSIA) 

Po = outlet pressure (PSIA) 

Ps = standard ambient pressure (PSIA) 

n =3.141592654 

Tc1 = column temperature in step a 

P1 » column inlet head pressure in step a 

Tc2 = column temperature in steps (b) and (c) 

P2&P3 = column inlet head pressure in steps (b) and (c) respectively 

(f) installing said ratio 



T. 



into said computer controlled chromatography system; and 
(g) perform chromatography runs employing said 
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L 

ratio in establishing column inlet pressure s. 
7. A gas chromatography system comprising: 

(a) a computer including an input/output interface with an operator, a CPU and memory; 

(b) an inlet gas mass flow controller; 

(c) an electronic servo pressure controller; 

(d) an oven and an oven temperature controller; 

(e) a column and an injector, said column being mounted in said oven; 

(f) means to detect and measure flow in said column; 

THE IMPROVEMENT COMPRISING, 

(i) means for calibrating said column 

£_ 
L 



25 



30 



ratio, said means including means to establish at different temperatures either pressure at the head of said 
column or flow rate in said column and means to measure the corresponding flow rate or pressure, includ- 
ing means to employ measurements to compute said 



L 



column calibration ratio; 
(ii) means to store said 

35 

L 



column calibration ratio into said CPU memory; 
40 (iii) means to cause said CPU to use said stored calibrated 

L 

45 

column calibration ratio and to calculate a pressure set-point profile corresponding to a temperature profile 
input via said input/output interface; and 

(iv) said CPU being programmed to control said injection, temperature controller, flow controller, injector 
and electronic servo pressure controller to carry out a chromatography run employing said computed pres- 
so sure set-point profile. 

8. The system of claim 7, wherein said CPU is programmed to compute said calibration 

T 

factor by solving the equation: 
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256 AO T c1 P S U T ^T C2 U TC2 

^s)iTMPd 2 -(P 0 ) 2 )mT c2){ U Tc2H T cl) (U Tc1 



where 



10 Ts 
Ps 
d 
L 



20 Tc2 
AO 



O = column mass flow rate 
U TC = gas viscosity at specified column temperature 
' c = column temperature (Kelvin) 
= standard temperature (Kelvin) 

= Density of carrier gas at standard temperature and pressure 
= column internal diameter 
= column length 
Pi = inlet pressure (PSIA) 
Po = outlet pressure (PSIA) 
p s = standard ambient pressure (PSIA) 
* =3.141592654 

Tc1 = column temperature in first set of points 
= column inlet head pressure 
= column temperature in second set of points 
• flow rate difference between first and second points 



25 



30 



35 



40 



45 
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INSTALL COLUMN TO BE CALIBRATED 

INTO C ALIBRATING SYSTEM. 
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ESTABISH A FIRST COLUMN FLOW RATE 
Q1 AT A FIRST COLUMN TEMPERATURE T~ 
AND RECORD COLUMN HEAD PRESSURE Pi 



I 
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ESTABLISH A SECOND COLUMN TEMPERATURE T2 
AND A COLUMN HEAD PRESSURE LESS THAN 
P1, THEN RECORD FLOW RATE 02 AND 
COLUMN HEAD PRESSURE P2. 
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AT THE SAME COLUMN TEMPERATURE T2, ESTABLISH 
A COLUMN HEAD PRESSURE GREATER THAN P1 
THEN RECORD FLOW RATE Q3 AND COLUMN 
HEAD PRESSURE P3. 



I 
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u 



FOR TEMPERATURE T2, USING Q2, P2 AND 
Q3, P3, INTERPOLATE AND FIND FLOW RATE 
Q4 AT PRESSURE P1. FIND AQ= Q4-Q1 
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CALCULATE RATIO df USING EQUATION 
L 

^•i-V ^ 2 -^)IC^U TC2 )-(T 01 U TC1 )] 
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INSTALL RATIO INT 0 COLUMN FLOW EQUATION 

AND USE SAID COLUMN FLOW EQUATION TO COMPUTE 
COLUMN INLET PRESSURE PROFILE FOR SELECTED 
TEMPERATURE PROFILE AT SELECTED COLUMN FLOW 
RATE OF A CHROMATOGRAPHY SYSTEM. 
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tV=£EEZ» ^CHROMATOGRAPHY RUNS BY INJECTING SAMPLE AND. 
2=rX!5! J£i H ORT TIME INTERVALS, PROVIDING COLUMN INLET 

MSSS5fJ 0M C0MPUTED PR0F,L£ TO CLOSED LOOP 



I 



Dcrrv>or> -m»*»— . — — — — — 

- — ~- ^ , „vic rnuivi oiAHf AT WHICH EACH OF THE SEPFRATFO 

£5522. 0,5 ™ ESAMPL * EXIT FROM THE COLUMN AS A 
RETENTION PROFILE. 
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FIG. 2 
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USER ENTERED DATA: 
-TEMPERATURE PROFILE 
-COLUMN FLOW RATE 
-GAS TYPE 
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